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Pedepar:

1. Incepraniiina po60Ta IpUCBIYEHA JOCIIKEHHIO KOJIEKTUBHUX 30y[KEHb B PilHAX 3 acoljiaTaMu i3
BUKOPUCTaHHSIM METOZiB KOMIT'IOTEPHOTO MOZEJIOBaHH4 ab initio MosekyaspHoi suHamMiku (AIMD) Ta
TEOPETUYHOTO aHaJIi3y Ha OCHOBI MiXOly y3araJjbHEHUX KOJIEKTUBHUX MO/, B PaMKax y3arajbHEHOI TipOAMHAMIKY.
O6'ekTamu [OCIiI>)KEHb BUCTYIAJIM PO3ILJIaB CTUOiI0 Ta (JI10if BOAHIO 32 BUCOKMX TUCKIB. 3HaXOI)KEHHS BJIACHUX
3Ha4YeHb Ta BEKTOPIB y3arajabHEHOI riipoAHaMiyHOi MaTpHULli, 0 €KBiBaJIEHTHO PO3B'I3aHHIO y3arajbHEHOTO
piBHsAHHS JlaH)KeBeHa B MAaTPUYHIN GOPMI, Ja€ TEOpEeTUYHNI OIIKC 3aJIeKHUX Bifl 9acy KOpPeJIsiLiiii T'YCTHH Ta ITOTOKIB
YaCTUHOK y piguHax. Lleil minxin 1o3BoJisie BCTAHOBUTU [IPUPOAY KOJIEKTUBHUX 30YIPKEHb Ta 3HANTU [10BEIiHKY
KOJIEKTUBHUX MO/, 11032 MEKaMU TifpoiHaMidyHoi o6acTi. ByJsio npoBeeHo aHajli3 CTPYKTYPHUX Ta AUHAMIYHUAX
0CO06JIMBOCTEN po3IIaBy cTU6it0. OTpUMaHO pafiaibHy QYHKLIIO PO3MOAiTy YaCTUHOK, OCOGIMBICTIO SIKO] I1eue B

MesKax Iepluoi KoopAauHaLiiiHoi cdepu. 3a pe3yabTaTamMu JOCIiIKEHHS YaCOBOI €BOJIOLI BifilcTaHe! MixX



HalGMIKIMMU cycizamu 6yJ10 BCTAaHOBJIEHO, 10 3a3Ha4Y€EHeE I1yIeve BiANoBinae moI0KeHHSIM KBa3i-3B'sI3aHUX Iap
aToMiB. 3aCTOCOBAHO IT'SITU-3MiHHY TEPMO-B'I3KOIIPY>KHY MOJI€Jib, 110 BAAJIO BiATBOpIOBaja KopessauiiiHi GpyHKuii,
OTPUMaHi 3 NePUIONPUHLIMUIIHOIO KOMIT'I0TepHOro MmozesntoBaHHs AIMD. [Toka3aHo, 1o 0fiHa 3 JBOX
CIIOCTEPEXYBAaHUX MOMKPIOBAILHUX MOJ, XapaKTePU3YyEThCS PO3MIKPEHOIO MIJIACKOI0 AUISIHKOIO Y AUCIepCii
KOJIEKTUBHUX 30YIPKEHb, sKa J0Ope y3Tro[KyeThCs 3 pe3ysbTaTaMu MogesntoBadb AIMD. [JonaTKOBO BCTaHOBJIEHO,
1110 KOJIEKTUBHI 30y I)K€HHS KBa3i-3B'SI3aHUX [1ap MAIOTh IJIaCKY AUCIEPCiIo [JIs1 YCiX AOCiIpKyBaHUX 3HaY€Hb
XBUJIEBOTO yKcJa k, [0 He € XapaKTePHUM [1J14 iHIINUX BUSBJIEHUX MOZ, JlOCIIiIPKEHO KOJIEKTUBHY JAHAMIKY
MOJIEKYJISIPHOTO (JII0ily BOJHIO. 3aCTOCYBaHHS I'SITU 3MiHHOI TEPMO-B'SI3KONPY>KHOI MOJIeJli y3arajbHEHO1
rigpoirHaMiKky 3IiMICHEHO [1J1s BiITBOPEHHS YOTHPHOX KOJIEKTUBHUX YaCOBUX KOpeJISLiHMX QYHKIIiH, OTPUMaHUX 3
mogesoBadb AIMD. BctaHoBseHO, 110 3aCTOCYBaHHS ySIBHOI YacTMHU QYHKIi BiATYKy I'yCTUMHU Ta KOpeJIsLifHOl
(YHKLII MOXiZHUX O300BXHbOIO IIOTOKY 7151 3HAXOPKEHHS HEBIJOMUX CTATUYHUX KOPEJISITOPIB Ta KOPEJISLiMHUX
4aciB B y3arajabHEeHiil riipoguHaMivHiil MaTpuLli 106pe BiITBOPIOE CIIEKTPAJ/IbHI XapaKTePUCTUKU (QYHKLIN
II03[JOBXXHBOT'O IIOTOKY, @ TAKOXK IMCIEPCiI0 KOJIEKTUBHUX 30y KeHb. [I0Ka3aHO JOBrOXBUJIbOBI aCUMIITOTU ~K ™2
IJI1 CTATUYHUX KOPEJISITOPiB YACOBUX MOXiAHUX MO3I0OBKHBOTO Ta MTONEPEYHOTro NOTOKIB. [1liiTBEpAKEHO
MIpaBUJIbHY TigpOAMHAaMIUHY [TOBEAiHKY OUCIEpPCii Ta 3aracaHHs 47151 KOMIIEKCHUX BJIACHUX 3HAY€Hb OTPUMAaHUX 3
METO[ly y3arajJbHeHUX KOJIEKTUBHUX MOJI Y JOBTrOXBUJIbOBIN 06J1acTi. [IpoBeeHo aHami3 CTPYKTYPHUX Ta
IVHaMiYHUX 0cO6MBOCTEN (JI0ify BOJHIO B 00J1aCTi iHAYKOBAHOT'O THCKOM I1I€PEXOAY Bifl MOJIEKYJISIPHOTO [10
aTOMApHOTO CTaHy. BCTaHOBJIEHO IMCIIEPCilo KOJIEKTUBHUX 30yKEeHb IJ1s1 psiy IYyCTUH 3a TemnepaTtypu 2500 K.
OTpuMaHa 3aJeXXHICTb Bifl [yCTUHU a/1iabaTUYHOI Ta BUCOKOYACTOTHOI IIBUAKOCTI MOIIMPEHHS 3BYKY MiCTUTB I1JIATO
B 00J1aCTi epexofly Bifl MOJIEKYJISIPHOTO IO aTOMapHOTro cTaHiB. [TokasaHo, 110 M'STU3MiHHA TEPMO-B'I3KOIPY>KHA
MOJeJIb BAQJIO BiITBOPIOE YaCcOBi KopeJsiLiiiHi QpyHKUii, omepskadi 3 AIMD, 11 4ucTO aToMapHOTO (Jtoiny BOGHIO.
3anponoHOBaHO BUKOPUCTAHHS MOJIeJli XIMiYHO peakUiliHUX PO34MHIB Ta ClIOCOOY PO3iIEHHS BHECKIB 4O YaCOBUX

KOpesauiiHux QyHKIi yepe3 napijiaabHi KOMIIOHEHTH MOJIEKYJISIPHOI Ta aTOMapHOI MifICUCTEM.

2. The thesis is devoted to the investigation of collective excitations in liquids with associates using ab initio
molecular dynamics (AIMD) simulations and theoretical analysis within the framework of generalized
hydrodynamics based on the approach of generalized collective modes. The systems of interest in this study
include liquid antimony and hydrogen fluid under high-pressure. The estimation of eigenvalues and eigenvectors
of the generalized hydrodynamic matrix, which is equivalent to solving the generalized Langevin equation in
matrix form, provides a theoretical description of the time-dependent particle density and current correlation
functions in liquids. This approach allows for the better insight in nature of collective excitations, as well as finding
the behavior of collective modes beyond the hydrodynamic regime. An analysis of the structural and dynamical
properties of liquid antimony was carried out. The radial distribution function of particles was obtained,
characterized by a shoulder within the first coordination shell. Based on the time evolution of the distances
between nearest neighbors, it was established that the shoulder is due to the preferred positions of quasi-bound
atomic pairs. A five-variable thermo-viscoelastic model was applied that successfully reproduced the correlation
functions obtained within the first-principles simulations. It was shown that one of the two observed propagating
modes exhibits an extended flat region in the dispersion of collective excitations, which agrees with the AIMD
results. Additionally, it was found that the collective excitations of quasi-bound pairs exhibit a flat dispersion for all
studied wave-numbers k, that was not specific for the other modes. The collective dynamics of molecular
hydrogen fluid was investigated. The five-variable thermo-viscoelastic model of generalized hydrodynamics was
employed to reproduce four collective time correlation functions derived from AIMD simulations. It was
established that using the imaginary part of the density response function and the correlation function of the time
derivatives of the longitudinal current to determine the unknown static correlators and correlation times in the
generalized hydrodynamic matrix accurately reproduces spectral properties of the longitudinal current correlation
functions along with the dispersion of collective excitations. The long-wavelength asymptotes ~k™2 were obtained
for the static correlators of the time derivatives of the longitudinal and transverse currents. The correct
hydrodynamic behavior of the dispersion and damping of the complex eigenvalues, obtained from the generalized
collective modes approach, was confirmed in the long-wavelength regime. An analysis of the structural and



dynamical features of the hydrogen fluid in the pressure-induced transition region from the molecular to the
atomic state was performed. The dispersion of collective excitations was determined for a range of densities at a
temperature of 2500 K. The obtained density dependence of the adiabatic and high-frequency sound velocities
exhibits a plateau in the transition region from molecular to atomic state. It was shown that the five-variable
thermo-viscoelastic model accurately reproduces the time correlation functions obtained from AIMD simulations
for purely atomic hydrogen fluid. The use of chemically reactive mixture model and the decomposition of the time
correlation function contributions via the partial components of molecular and atomic subsystems was proposed.
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